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Introduction
ERTS project 321 is organized into three tasks, each with its own principal
investigator; (1) Forestry, Dr. Wayne Myers; (2) Agriculture, Dr. Gene
Safir; and, (3) Soils and Landforms, Dr. E. P. Whiteside. Due to similar
phenology and overlapping test areas, efforts in the agriculture and
forestry tasks have been closely coordinated. However, the soils and
landforms task is being conducted separately. The project includes two
subcontracts with the Environmental Research Institute of Michigan. The
objectives of the first subcontract are to apply standard multispectral
recognition processing procedures to ERTS-1 multispectral scanner data
and related airborne MSS underflight data, and to assist MSU personnel
in the analysis and interpretation of recognition maps and other extracted
information in working toward the goals of the prime contract. The
purpose of the second subcontract is to develop new techniques for estimating
the proportions of unresolved materials in individual resolution elements
by sue of multispectral scanner data. Material from the subcontractor's
Type I progress report to M. S. U. is incorporated in the main body of this
report.
Data Analysis and Processing
Data analysis plan for Tasks I, II and III were developed and have been
submitted for approval.
The principal work during this reporting period for Tasks I and II was related
to the paper presented at the ERTS Symposium on Significant Results (March
5-9, 1973) which is included at the end of this report.
A problem in the recognition of forests was identified during the last reporting
peroid, namely, the misclassification of pixels that represent sparsely
forested areas on the perimeters of woodlots. Three hundred (300) points
were identified in this category and values for them were extracted from the
ERTS CCT data. One quarter of these points were used to determine a
"sparse forest:' signature. This signature is very similar to that of corn.
One previous recognition run was repeated, with an additional signature and
a recognition class for "sparse forest". Final conclusions, however, about
the solvability of this problem will not be drawn until more analysis is performed.
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Forestry studies are now being moved from Eaton County to the Rose Lake
area in Ingham and Shiawassee Counties where there is more variety in
forest and natural vegetation. Gray maps have been produced for this area,
and the next step is selection of training and test sets.
Since it does not appear that precision color composites will be forthcoming
from NASA for mapping vegetation by photointerpretation, diazochrome
transparencies have been prepared from the bulk imagery for ERTS frame
E-1033-15580. These color transparencies will be photointerpreted in
various bank combinations to determine what information regarding forests
and other natural vegetation in Michigan can be extracted. However, accurate
mapping will not be attemped because of the skew inherent in the bulk data.
Depending on the success of photointerpretation of this frame, diazochrome
transparencies of ERTS frames covering other parts of Michigan will be
prepared.
The above efforts are related primarily to the agricultural and forestry
tasks. The primary efforts in the soils task will depend on the acquisition
of new ERTS data with more bare soil in the scene. Several bare soil
areas, however, were selected from the August 25 frame for analysis. They
are listed as plots AA-KK in Table I. Also listed are the four plots (B, C,
D, and E) used for training purposes, as well as four other plots (F, G,
H, I) identified in the soils test area North of E. Lansing. The means
(+ one standard deviation) of the ERTS signals obtained for these plots are
presented in Figs. 1-4 for ERTS Bands 4-7, respectively. (The zero
deviation shown for plot BB in Bands 4 and 5 is due to equal values for both
points used to compute the signature, and the omission of values in Band 6
for DD and HH is due to the inclusion of bad lines in Band 6~. The signal
values may be converted to in-band radiance units (mW/cm .sr) by
multiplying by the factors, 2.48/127, 2. 00/127, 1.76/127, and 4.60/63,
for Bands 4-7, respectively.
Crop Acreage Estimation Technique Development
The spatial resolution of the ERTS multispectral scanner (MSS) is such that
a single resolution element will frequently contain a mixture of two or more
materials. The results of this phenomenon will be errors in the classification
of surface materials and inaccuracies in subsequent estimates of crop
acreages. Personnel of the Environmental Research Institute of Michigan
have developed techniques for estimating the proportions of unresolved
materials in individual resolution elements by use of multispectral scanner
data. The main objective of work under this contract is to apply these techniques
to ERTS- 1 MSS data and to determine the extent to which the accuracy of
crop acreage estimates can be improved.
One critical problem in the assessment of recognition results and
the analysis of area measurement accuracies is the assignment of ERTS
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MSS pixels to specific fields or plots for which "ground truth" information
is available. To date, this assignment has been performed manually
by comparing digital line-printer maps with aerial photographs. Such work
is tedious and subject to error.
During this reporting period, we began to consider improved methods for
making such assignments.
Plans for the Next Reporting Period
One promising method for digitizing field vertices on aerial photographs
and converting them to ERTS MSS line and point numbers will be investigated.
More detailed descriptions of work to be performed in the upcoming reporting
periods are included in the submitted data analysis plans.
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TABLE I . DESCRIPTION OF SOILS PLOTS
LOCATION
CODE DESCRIPTION COUNTY TOIWNSHIP SECTION
B Somewhat poorly drained, Eaton Roxand 14
medium textured
C Poorly drained, Eaton Roxand 11
medium textured
D Well drained, Ionia Danby 23
coarse textured
E Well drained, Ionia Danby 15
medium textured
F Well drained, Clinton Victor 26
coarse textured
G Well drained, Clinton Bath 6
medium textured
H Poorly drained, organic Clinton Bath 30
I Poorly drained, organic Clinton Bath 30
AA Eaton Oneida 18
BB Eaton Roxand 13
CC Eaton Roxand 24
DD Eaton Roxand 24
EE Eaton Oneida 30
FF Eaton Oneida 31
GG Eaton Oneida 31
HH Eaton Benton 7
JJ 
-Eaton Benton 18
KK Eaton Chester 24
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FIGURE 1 . SUMIARY OF SOIL SUGNATURES Ib) ERTS 'BAND 4
(Frame 1033-15580)
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FIGURE 2 SUMMARY Oil' SOIL SIGNATURES IN ERTS BAND 5
(Frame 1033-15580)
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FIGURE 2 . SUM~IPARY Oil SOIL SI:GNATUR-ES IN ERTS B  5
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(Frame 1033-15580)
APPLICATION OF ERTS- 1 DATA TO ANALYSIS OF AGRICULTURAL
CROPS AiND) FORESTS IN MICHIIG-AN
Gene R. Safir
Wayne L. Myers
Michigan Agricultural Experiment Station
Michigan State Univxersity
East Lansing, Michigan
William A. Malila
James P. Morgenstern
Environmental Research Institute of Michigan
Ann Arbor, Michigan
ABSTRACT
The results reported are based on analysis of ERTS Frame 1033-
15580 collected over southwestern Lower Michigan on August 25, 1972.
Major agricultural crops such as corn and soybeans were approaching
maturity at this data and forest canopies were dense.
Extensive ground truth information was gathered by detailed field
study of test strips. This detailed information was supplemented over
larger areas by interpretation of RB-57 and C-47 photography and MSS
imagery. The U. S. D. A. -A. S. C. S. also cooperated by providing infor-
mation on crops trom their records.
Recognlition processing of ERTS-l MSS data was carried out on a
qigital computer. Fields and forest stands were selected as training
sets and test areas. Aerial imagery was essential for locating the
positions of these selected areas on ERTS digital tapes.
The recognition process was successful for each type of vegetation
which had a dense green canopy such as forests, corn, and soybeans.
Bare soil was also recognizable as a category. However, recognition of
species was difficult in senescing or senescent vegetation. Since the
accuracy of recognition depends on stage of growth, optimum times for
collecting data will vary from one crop to the next.
Accurate computer recognition of crops from satellite data will
be useful in operational surveys as the first stage in a multistage
sampling process.
Presented at the Symposium on Significant Results Obtained
from ERTS-I on 3/6/73 in Washington,D.C. To be published in
the proceedings of...
Introduction
Michigan State University (MSU) in cooperation with the Envi-
ronmental Research Institute.of Michigan (ERIM) began a program in
the summer of 1972 to test the usefulness of ERTS-1 satellite data for
monitoring and managing crops and forests in Michigan. Specifically,
the objectives included: (1) verification that major agricultural crops
and forest types can be identified from ERTS-1 data; (2) development,
application, and testing for accuracy of multispectral techniques for
crop and forest acreage estimation in Michigan; (3) correlation of
variations in signatures from space with ground truth data.
In addition to the scientists directly involved in analysis of the
data, a team of cooperators has been assembled to evaluate the
operational utility of the results which emanate from the project.
This team includes members of state,federal, and local agricul-
tural and natural resource agencies.
Data analysis to date has been confined to ERTS frame E-1033-
15580 (August 25, 1972) as E. result of the inclement weather condi-
tions which prevailed throughout most of Michigan's 1972 growing
season following the launch of ERTS-1.
Ground Truth Information
Direct field observation and 35-mm photography were the main
sources of ground truth information for the analysis of agricultural
crops. Specifically, biological parameters such as plant height, row
direction and width, percent ground cover, stage of growth, corn
tassel color, and disease incidence were estimated and recorded
'for numerous selected fields in the test area. Since forest cover
changes less rapidly than agricultural crops, the primary source of
information for forests was photointerpretation of RB-57 and C-47
underflight imagery. The photointerpretive work was supplemented
by collection of data on the ground as necessary. The RB-57 and C-47
imagery was also extremely useful for analysis of agricultural crops.
In addition to the field and underflight data, cooperators in both the
United States Department of Agriculture, Agricultural Stabilization
and Conservation Service (U. S. D. A. -A. S. C. S. ) and the Forest Service
'have contributed to the pool of ground truth inlormation. The A. S. C. S.
efforts produced a set of annotated copies of enlarged airphotos showing
the location and nature of vegetation types on the holdings of landowners
who subscribe it A. S. C. S. programs.
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IM. S. S. Digital Analysis - Methods
Digital tape data for frame 1033-15580, were screened for quality
by preliminary processing on the ERIM digital computers. Thley were
found to exhibit the same problem present in a set of tapes for the same
frame received by ERIM under another contract. The problem is that
reproduced signals from one of six detector elements which generate
the MSS data in ERTS band 6 (0. 7-0. 8 urn) are faulty. Thus anomalous
data are present for band 6 in every sixth line of data; othierwise, the
data appear to be satisfactory. This problem complicates signature
extraction and data analysis. In particular, recognition processing
for the work described here was restricted to three channels.
The primary test sites (in Eaton Co., Michigan) were located
within the digital data, and line-printer gray maps were produced for
all ERTS bands. The gray maps for ERTS band 5 were used to locate
selected training and test plots of known ground cover. The XIB-57 and
C-47 underflight imagery was essential for correctly locating these
plots, which were then designated by line and point number to the com-
puter for extraction of signal statistics. In the selection of training
sets, care was taken to avoid boundary points. Fifty-eight plots were
designated and ERTS signal statistics were extracted for eight types of
ground cover. These statistics were subjected to cluster analysis,
and the results were used to select several plots for combination
to form recognition signatures. The plots which were not used di-
rectly for specifying signatures became :!test" sets for evaluating the
accuracy of recognition. Eighteen additional test plots were then sel-
ected and included in the analysis.
Recognition maps were produced for an intensive test area in
Eaton Co., Michigan. Recognition runs were based on the three good
ERTS channels using several different sets of parameters. First,
twelve recognition signatures were used and maps were produced with
different rejection threshold levels. That is, each observation was
classified as belonging to one of the recognition signatures and then
tested to see if it was unlikely enough to be rejected and categorized
as belonging to none of the classes considered. Next, seven recogni-
tion signatures were used; the seven recognition signatures included
combinations of the pairs of signatures used for several classes in
the twelve-signature runs.
MSS Digital Analysis - Results
Recognition results were analyzed for the 76 identified plots. The
overall results of the first-look analysis of recognition are summarized
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in Table 1 for five cover classes (corn, soybeans, trees, senescent
vegetation, and soils). As noted earlier, only three ERTS channels
were used (4, 5 and 7). The values in Table 1 represent averages of
percentages computed separately for each plot analyzed. The overall
average percentage of correct classification (for test sets) is over
83%. The average percentage error is 10%, with 16% being Type 1
(i. e., missed classification, including not classified) errors and 4%
being Type II (i. e., incorrect classification) errors. If "not classified"
points are excluded from the computation, the overall average is
nearly 85% correct.
Recognition percentages are high for those vegetation classes that
had mature and uniform canopies at the time the data were collected
(Aug. 25th). Corn, soybeans, and trees(forest) met this criterion,
and were classified accurately. The class of senescent or senescing
vegetation included observations from field beans, wheat stubble, and
grass. These canopies were characterized by non-uniform distribu-
tions of dead and dying vegetation along with patches of more healthy
vegetation. ' For example, field beans had matured and had begun
senesc ng, while soybeans and corn were more vigorous. Also, wheat
stubble fields were dry and brown except for some that had been
seeded to alfalfa or red clover; the latter fields had patches of green
growth among the stubble. The wide variability within these vegeta-
tion types at this time of year makes it difficult to classify them
accurately. Alfalfa is a crop that is harvested repeatedly at irregular
intervals throughout the growing season, and plots of it can appear
very different, depenuing on their conditions at the time of observation.
One vigorous alfalfa was included initially and accurately recognized.
A lack of test plots, for which the exact condition at the time of the
ERtS-1 pass is known, caused us to omit alfalfa as a class from the
reported analysis. Bare soil was distinctive and accurately recognized.
Thus, the first-look analysis for computer recognition within
boundaries of selected plots shows a good capability for differentiating
each type of vegetation that has a dense green canopy, with bare soil
also being recognizable as a category. The next step in the analysis of
computer recognition is a more critical evaluation of accuracy by
cover type for all resolution elements in selected portions of the frame.
Element-by-Element Analysis for Forest Cover
Figure 1 is a portion of the gray map for ERTS band 5 in Chester
and Roxand Townships of Eaton County, Michigan with major roads
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delineated. An RB-57 color infrared photo was used to transfer the
locations of the forests to the gray map, and the clements that fall with-
in the forest area are shown by heavy dots in Figure 1. Figure 1 is
conservative in that most doubtful border elements were not designated
as "forest". Figure 2 is a computer recognition map for the same
area. Heavy dots have been superimposed on the elements which were
correctly classified as "trees" (forest) . The forest elements which
were not recognized as such by the computer (Type 1 error) are in-
dicated with a heavy square having a white center. Type II errors
(incorrectly classified as "trees'") are indicated by triangles. The
Type I error for forests on this portion of the frame is approximately
40%. An examination of Figure 2 shows that most of these errors take
place in border elements. For the most part, these border elements
were classified as corn. The remaining Type I errors are mostly
accounted for by areas in which the forest canopy is sparse. The
Type II errors are only about 3%.
Since the original "trees" training sets Were located in the center
of dense woodlots, the misclassification of sparsely stocked areas is
not too surprising. An examinatior of the likelihood for the misclass-
ified elements showed a very low probability of classification under the
"trees" signature. Use of separate training sets and subresolution
element analysis are being investigated as possible means of improving
recognition in sparse forests. The current classification would give a
reasonable estimate of the acreage that is suitable for woodlot m.anage-
ment, but would give an underestimate for total acreage of forest.
Summary
Computer analysis of ERTS-1 data provided good recognition of
vegetation classes that had mature and uniform canopies at the time
when the data were collected. Bare soil was also recognized accurately.
Classification was extremely difficult for senescent vegetation which
was characterized by non-uniform distribution of dead and dying vege-
tation along with patches of more healthy vegetation. Since the accuracy
of classification depends on the stage of growth, optimum times for
collecting data will vary from one crop to the next. However, the
optimum for recognizing each crop is yet to be determined. This
bears further study, especially for field beans since Michigan is the
leading producer of this crop in the United States.
5
TABLE I. SUIVInMARY OF RECOGNITION RESULTS ON A PLOT-BY-
PLOT BASIS FOR 76 PLOTS, ERTS FRAME 1033-15580,
3 CHANNELS (ERTS 6 EXCLUDED), 0.001 PROBABILITY
OF REJECTION
A.
No. No.
Class Plots Points
Corn 21 481
Soy 10 115
Trees 12 358
Senesc 16 306
Soils 4 56
TOTALS 76 1416
B.
Average Percentage of Class'Plots Assigned to
Listed Recognition Signature
Senesc
Corn Soy Alf Tree Bean Grass Soil
84.27 0.55 0. 13 9.85 3.85 1.35 0
1.00 89.40 2.30 2.59 2.61 0 0
11.00 3.80 0 84.50 0.20 0.50 0
16. 30 6.55 7. 15 0 54.30 8.23 6. 5:
0 0 - 0 0 0 0 97.6:
Summary of Percentages (Averaged Over Plots)
No.
Class Plots
Correctly Incorrect.
No. Not Assigned Assigned Average
Points Clas'd To Class To Class Error
Correct
Excluding
Not Clas'd
Corn 21 481
Soy 10 115
Trees 12 358
Senesc 19 340
Soils 14 122
Averaged Over
Five Classes
0
2. 10
0
0. 94
2. 38
84. 27
89. 40
84. 50
62. 53
97. 62
1.08 83. 66
3
2
7. 29
.50
3. 66
2. 59
2. 00
0. 1
11. 51
6. 55
9. 58
20. 03
2. 19
9.97
84. 27
91. 31
84. 66
63. 12
100. 00
84. 67
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Figure 1. Channel 5 gray map for portions of Chester and Roxand
Townships in Eaton County, RMichigan 'showing actual
locations of woodlots (o) and roads (--).
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Figure 2. Computer recognition map s howing correctly and
cover; o indicates correctly class ified forest areas,
a indicates forest areas misc*ass'ified;' and v indicates
non-forest areas classified a's -forests. 
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